A search for the decay B 0 s → D * ∓ π ± is presented using a data sample corresponding to an integrated luminosity of 1.0 fb −1 of pp collisions collected by LHCb. This decay is expected to be mediated by a W -exchange diagram, with little contribution from rescattering processes, and therefore a measurement of the branching fraction will help to understand the mechanism behind related decays such as B 0 s → π + π − and B 0 s → DD. Systematic uncertainties are minimised by using B 0 → D * ∓ π ± as a normalisation channel. We find no evidence for a signal, and set an upper limit on the branching fraction of B(B 0 s → D * ∓ π ± ) < 6.1 (7.8) × 10 −6 at 90 % (95 %) confidence level.
have been recently observed by LHCb. Such decays can proceed, at short distance, by two types of amplitudes, referred to as weak exchange and penguin annihilation. Example diagrams are shown in Fig. 1(a) 
A measurement of the branching fraction of the decay B 0 s → D * − π + can be used to disentangle the contributions from different decay diagrams and from rescattering [3, 4] . This decay has only weak exchange contributions, as shown in Fig. 1(c [9] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high precision tracking system consisting of a silicon-strip vertex detector surrounding the pp interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes placed downstream. The combined tracking system has momentum resolution ∆p/p that varies from 0.4 % at 5 GeV/c to 0.6 % at 100 GeV/c, and impact parameter (IP) resolution of 20 µm for tracks with high transverse momentum (p T ). Charged hadrons are identified using two ring-imaging Cherenkov detectors. Photon, electron and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers.
The trigger [10] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage which applies a full event reconstruction. In this analysis, signal candidates are accepted if one of the final state particles created a cluster in the calorimeter with sufficient transverse energy to fire the hardware trigger. Events that are triggered at the hardware level by another particle in the pp → bbX event are also retained. The software trigger requires characteristic signatures of b-hadron decays: at least one track, with p T > 1.7 GeV/c and χ 2 IP with respect to any primary interaction vertex (PV) greater than 16, that subsequently forms a two-, three-or fourtrack secondary vertex with a high sum of the p T of the tracks and significant displacement from the PV. The χ 2 IP is the difference between the χ 2 of the PV reconstruction with and without the considered track. In the offline analysis, the software trigger decision is required to be due to the candidate signal decay.
Candidates that are consistent with the decay chain B (s) decay, is required to be consistent with the pion mass hypothesis, based on particle identification (PID) information from the RICH detectors [11] . All other selection criteria were tuned on the B 0 → D * ∓ π ± control channel in a similar manner to that used in another recent LHCb publication [12] . The large yield in the normalisation sample allows the selection to be based on data, though the efficiencies are determined using Monte Carlo (MC) simulated events in which pp collisions are generated using Pythia 6. 4 [13] with a specific LHCb configuration [14] . Decays of hadronic particles are described by EvtGen [15] . The interaction of the generated particles with the detector and its response are implemented using the Geant4 toolkit [16] as described in Ref. [17] .
The selection requirements include criteria on the quality of the tracks forming the signal candidate, their p, p T and inconsistency with the hypothesis of originating from the PV (χ After all selection requirements are applied, approximately 50 000 candidates are selected in the invariant mass range 5150 < m D * − π + < 5600 MeV/c 2 . About 1 % of events with at least one candidate also contain a second candidate. Such multiple candidates are retained and treated the same as other candidates.
In addition to combinatorial background, candidates may be formed from misidentified or partially reconstructed B Since the B 0 decay mode is several orders of magnitude more abundant than the B 0 s decay, it is critical to understand precisely the shape of the B 0 signal peak. The dependence of the width of the peak on different kinematic variables of the B 0 decay was investigated. The strongest correlation was found to be with the angle between the momenta of the D * − candidate and the bachelor π + in the lab frame, denoted as θ bach . Simulated pseudo-experiments were used to find an optimal number of θ bach bins to be used in a simultaneous fit. The outcome is that five bins are used, with ranges 0-0. , the linear slope of the combinatorial background and the exponential parameter of the partially reconstructed background, plus separate parameters in each of the θ bach bins to describe the peak position and core Gaussian width of the signal PDF, and the yields of the B 0 peak, the combinatorial background, the partially reconstructed background, and the background from B 0 → D * − K + . The results of the fit are shown in Fig. 2 . The total number of B 0 → D * ∓ π ± decays is found to be 30 000 ± 400, and the ratio of yields is determined to be N(B The ratio of yields is converted to a branching fraction following
where ǫ(B 0 ) and ǫ(B decay modes respectively, including contributions from detector acceptance, selection criteria, PID and trigger effects. The ratio is consistent with unity, as expected. The PID efficiency is measured using a control sample of
decays to obtain background-subtracted efficiency tables for kaons and pions as functions of their p and p T [2] . The kinematic properties of the tracks in signal decays are obtained from simulation, allowing the PID efficiency for each event to be obtained from the tables. Note that this calibration sample is dominated by promptly produced D * mesons. The remaining contributions to the total efficiency are determined from simulation, and validated using data.
Systematic uncertainties on B(B 0 s → D * ∓ π ± ) are assigned due to the following sources, given in units of 1 × 10 −6 , summarised in Table 1 . Event selection efficiencies for both modes are found to be consistent in simulation to within 2 %, yielding a systematic uncertainty of 0.02. The fit model is varied by replacing the double Gaussian signal shapes with double Crystal Ball [23] functions (with both upper and lower tails), changing the linear combinatorial background shape to quadratic and including a possible contribution 
, where the first uncertainty is statistical and the second is systematic.
A number of cross-checks are performed to test the stability of the result. Candidates are divided based upon the hardware trigger decision into three groups; events in which a particle from the signal decay created a large enough cluster in the calorimeter to fire the trigger, events that were triggered independently of the signal decay and those events that were triggered by both the signal decay and the rest of the event. The neural network and PID requirements are tightened and loosened. The non-parametric PDF used to describe the background from D*K decays was smoothed to eliminate potential statistical fluctuations. All cross-checks give consistent results.
Since no significant signal is observed, upper limits are set, at both 90 % and 95 % confidence level (CL), using a Bayesian approach. The statistical likelihood curve from the fit is convolved with a Gaussian function of width given by the systematic uncertainty, 
